Nine phanerogam plants (common lady's-mantle, bear's garlic, common sweet flag, agrimony, goldenrod, common speedwell, european mistletoe, horsetail and milfoil) were evaluated regarding their total flavonoid contents and antioxidant activity. The flavonoid contents ranged from 0.72 (goldenrod) to 0.25 mmol/g dry matter (horsetail). The contents of quercetin, rutin, kaempferol and myricetin were quantified by high performance liquid chromatography. Quercetin content was found to be very low in goldenrod and mistletoe extracts (0.20 µmol/g dry matter in european mistletoe) and almost undetectable in the other seven extracts. The rutin content was much higher, ranging from 96.25 (goldenrod) to 0.49 µmol/g dry matter (common sweet flag). Except for horsetail, kaempferol was found in all other eight extracts, the biggest quantity (2.15 µmol/g dry matter) being in the goldenrod extract. Myricetin was only found in goldenrod and agrimony (0.35 and 0.08 µmol/ g dry matter respectively). Goldenrod and milfoil showed the highest values for the antioxidant activity, expressed as mol quercetin equivalent, in the DPPH · (1,1-diphenyl-2-picrylhydrazyl) method, namely 0.00542 and 0.00532. These results suggest them to be used as natural sources of antioxidants instead of synthetic ones. et al. 2004 et al. , Hae et al. 2001 .
Introduction
It is generally accepted that, under oxidative stress situations, reactive oxygen species such as superoxide (O 2 • -), hydroxyl (HO • -) and peroxyl (HOO • , ROO • ) are generated.
These species are playing an important role in degenerative and pathological processes like ageing (Burns et al. 2001) , cancer, heart diseases and Alzheimer (Waris 2006 , Sheeran et al. 2006 , Schöneich 2005 , atherosclerosis, cataract and inflammations (Martinet et al. 2004 , Hae et al. 2001 .
Flavones are a part of the naturally antioxidants that acts against the above mentioned radicals and also against the extremely reactive NO
• and NO 2 • radicals. As antioxidants, they prevent vitamin C oxidation by copper enzymes being also synergetic with the ascorbic acid (Safta 2002) . From structural point of view, flavones are a class of flavonoids based on the backbone of 2-phenylchromen-4-one (2-phenyl-1-benzopyran-4-one) (Szabo et al. 2007a) . Common lady's-mantle, bear's garlic, common sweet flag, agrimony, goldenrod, common speedwell, european mistletoe, horsetail and milfoil are natural flavones resources. Except of bear's garlic, goldenrod, agrimony, common speedwell and European mistletoe that are characteristic to the Central European area, the rest of them are spread all over the world (Popovici et al. 1992) . Their antioxidative and health effect is manifested whether consumed as herbal teas or food supplements. Ethanol macerates of these plants contains most of their active compounds and, additionally, are having good miscibility and long shelf life compared with other types of extracts like essential oils (Banu 2000) . Plus, thermal treatment, that might alter their radical-scavenging activity (Khatun et al. 2006) , is not needed. Determining their antioxidant activity is one of the steps to their conditioning, in order to be used as natural alternatives to the synthetic antioxidants in foods and food supplements.
Experimental Part
Extracts obtaining Five grams of vegetal material dried and grinded was submitted to static extraction (maceration) in 50 mL of 96% ethanol, for 10 days, at room temperature, under stirring 3-4 times/day, at dark. The obtained solutions were then filtered through 4 layers of mull and then analyzed.
Antioxidant activity determination The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-scavenging activity was assessed by an improved spectrophotometric method (Szabo et al. 2007b) . Briefly, DPPH was dissolved in methanol (20 mg/L) and 2.9 mL of the solution were mixed with 0.1 mL sample in 4 mL quartz vats (1 cm pathlength). The absorbance modifications were followed at 517 nm, for 10 minutes, using an Ultrospec III (Pharmacia-LKB) spectrophotometer. Each experiment was repeated 4 times.
Total flavonoid contents determination Zhishen method (Zhishen et al. 1999 ) modified by Marinova (Marinova et al. 2005 ) was used to determine the total flavones content, and the results were expressed as quercetin equivalent. Aliquot of 1 mL of sample was introduced into a 10 mL calibrated flask containing 4 mL bi-distilled water. In the flask were then added 0.3 mL of 5% NaNO 2 . After 5 minutes, 0.3 mL of 10% AlCl 3 were added. After exactly 1 minute, 2 mL of 1M NaOH were added and the flask was completed to 10 mL with twice distilled water. The absorbance of the obtained solution was read at 510 nm, using an UVIKON spectrophotometer, versus reagents blank. The total flavonoid contents was determined based on the calibration curve (r 2 = 0,992).
Samples were analyzed in duplicate. HPLC determination of quercetin, rutin, kaempferol and myricetin The liquid chromatograph used for analysis was HPLC Varian Pro Star, equipped with ternary pump model 240, autosampler model 410, oven model 500 and UV detector model 345. The chromatographic separation was achieved on an OmniSpher 5 -C18, 150 × 4.6 mm column. The mobile phase consisted of a mixture of acetonitrile: phosphate buffer (= 1:1) with pH 2.5, with a rate flow of 1 mL/min. Detection was monitored at 360 nm. The injection volume was of 10 µL, except for goldenrod and milfoil when it was 5 µL.
Results and Discussions
Antioxidant activity The DPPH assay is based on the reaction between the stable free radical of DPPH (1,1-diphenyl-2-picrylhydrazyl) and molecules that can donate hydrogen atoms (such as most of the antioxidants). As a result a stable non-radical form of the DPPH is obtained (1,1-diphenyl-2-picrylhydrazine), with simultaneous change of the violet color to pale yellow due to the picryl group still present in solution. The antioxidant activity of an extract is estimated by the decolorized reaction mixture (Szabo et al. 2007b) .
From the absorbance values, the antioxidant activity (A 50 ) can be expressed as mol quercetin equivalent using the following formula (Oniţa et al. 2006 ):
A 50 = (t 50, quercetin / t 50, sample ) · C quercetin (1) where t 50, quercetin represents the necessary time to reduce to a half the DPPH · concentration, in reaction with quercetin; t 50, sample represents the necessary time to reduce to a half the DPPH · concentration, in reaction with the sample; C quercetin is the quercetin concentration (mmol/L).
The obtained values are given in Table 1 . For bear's garlic, common sweet flag and horsetail, the antioxidant activity was insignificant, so for them it was not calculated. Goldenrod and milfoil extracts showed the highest antioxidant activities.
Total flavonoid contents It is not absolutelly necessary that antioxidant additives are flavonoid-rich or quercetin rich stuffs, but still flavones are known as antiradical substances. The total flavonoid contents expressed as quercetin equivalent concentration is shown in Table 1 . The ethanolic extract of goldenrod showed the highest flavonoid content (0.72 mol/g dry matter) followed by agrimony with 0.62 mol/g dry matter. Milfoil and european mistletoe had almost the same concentration of quercetin equivalent (0.54 mol/g dry matter). Horsetail had the lowest value for it (0.25 mol/g dry matter) and common sweet flag, common speedwell, common lady's mantle and bear's garlic had moderate contents. When a correlation between the flavonoid contents and the antioxidant activity of the studied extracts was calculated, no significant correlation (r 2 < 0.3) was obtained. Two explanations can be given for these results: (i) the total flavonoid contents give no information about the type and proportion of different flavonoidic compounds and there are huge differences between them regarding the antioxidant activity; (ii) flavonoids are not the only ones responsible for the antioxidant activity: other phenolic compounds, carotenoids, ascorbic acid, etc. are also involved (Rocha Ribeiro et al. 2007) . Determination of quercetin, rutin, kaempferol and myricetin By HPLC it was determined the content of quercetin, rutin (one of the major quercetin glycoside), kaempferol and myricetin. From the results shown in Table 1 , it can be noticed that quercetin content is very low in goldenrod and mistletoe extracts and almost undetectable in the other seven extracts. The rutin content is much higher, the highest amounts being found in goldenrod (96.25 µmol/g dry matter). The rutin content in milfoil extract was less than a half compared with goldenrod. The lowest value was registered in common sweet flag extract (0.49 µmol/g dry matter). Except for horsetail, kaempferol was found in all other eight extracts, the biggest quantity (2.15 µmol/g dry matter) be-ing in the goldenrod extract. Myricetin was only found in goldenrod and agrimony (0.35 and 0.08 µmol/g dry matter respectively).
It is well known that most of flavonoids are present in the glycosyl form in plant and that such glycosyl derivatives usually possess less activity than its parent aglycone. Up to now, the mechanisms and the structural requests were not fully understood. Like most of phenolic compounds, flavones can act as antioxidants, by a mechanism of free radicals elimination, concomitant with the formation of less reactive free radicals stabilized by resonance (Lien et al. 1999) . It was demonstrated that the o-dihydroxyl structure in the B ring of quercetin is required to exert maximum free radical scavenging activity (Yamamoto et al. 1999) . Analysis of flavonoid QSARs indicates that highly active flavonoids possess a 3',4'-dihydroxy occupied B ring and/or 3-OH group (Amić et al. 2002) . The voluminous substitute from rutin seems to have a negative impact on its antioxidant activity.
Conclusions
The obtained results constitute the initial stage for the evaluation of the nine plant extracts preventive role against the free radicals. All these plants are commonly used in Romanian popular medicine, which means that their toxicity is low, making possible to recommend them to be used in foods, for antioxidant protection, instead of the synthetic alternatives. From these preliminary analysis, goldenrod and milfoil extracts seems to be the most indicated as antioxidants, but in situ studies are necessary to confirm this hypothesis. Table 1 . Antioxidant activity (expressed as mol quercetin equivalent, A50), total flavonoid contents and quercetin, rutin, kaempferol and myricetin concentration values for the nine studied extracts.
